Recently DELPHI Collaboration reported new data on Bose-Einstein correlations (BEC) measured in e + e − → W + W − events. Apparently no enhancement has been observed. We have analyzed these data including final state interactions (FSI) of both Coulomb and strong (s-wave) origin and found that there is enhancement in BEC but it is overshadowed by the FSI which are extremely important for those events. We have found the following values for the size of the interaction range β and the degree of coherence λ: β=0.87 ±0.31 fm and λ=1.19 ±0.48, respectively.
Introduction:
Recently DELPHI Collaboration has reported an interesting result on the Bose-Einstein correlations (BEC) in e + e − → W + W − events at √ s = 172GeV [1] .
Namely, analyzing their data by the following formula
where the denominator N BG(+−) denotes the contribution of the different charge pair, (c and λ are the normalization factor and the degree of coherence, respectively), authors of Ref. [1] found that c = 1.0 , λ = −0.22 ± 0.2(statics), and β = 0.5 fm, i.e., apparently there is no enhancement due to the Bose-Einstein effect in e + e − → W + W − events, most probably because measured pions come from different W ′ s (i.e., different "sources").
On the other hand, different approach(weight function method) to the BEC in e + e − → W + W − events used recently in Ref. [2] lead to slightly different results, namely λ was estimated to be equal 0.032 ∼ 0.146 1 (See Table I ).
Because in these reactions the space-time distances between W 's are very small (of the order 0.5 fm) the usual Coulombic and strong final state interactions(FSI) between π ± -π ± pairs should be specially important here and should be taken into account in order to estimate correctly and precisely β and λ. Therefore, we would like to re-analyze data of [1] by formula containing the FSI (of both the Coulombic and strong origin, the later in s-wave) proposed by us in Ref. [4] .
In the next section, a theoretical formula for correlation of π ± -π ± pairs are derived. In Sec. 3 we derive also a theoretical formula for π + -π − pairs. 2. A theoretical formula for π ± π ± pairs including the FSI: To describe correlations of pair of identical bosons we need to symmetrize the corresponding total production amplitude, which reads now:
where superscript S denotes the symmetrization of the wave functions. The functions Ψ C (k, r) and Φ st (k, r) stand for the Coulomb wave function and the wave function induced by the strong interactions, respectively.
The Coulomb wave function of the identical π-π scattering with momenta p 1 and p 2 is given as [5, 6] :
where F denotes the confluent hypergeometric function, 2k = Q = p 1 − p 2 , and η = m π α/2k. For calculations of the confluent hypergeometric function F in Eq. (3), there are two methods. One is to use formulas given in Ref. [7] . The other is to use the subroutine program 'WWHITM ' in the CERN program library (See Refs. [7, 8] ).
The strong interaction in the Coulomb field is given by
is the square root of the Gamow factor which is assumed to be a normalization factor of the strong wave function 2 and δ (2) 0 is the the phase shift for the
We obtain therefore
where
where N BG(mix) is number of π + π − pairs obtained by event mixing method. In present calculations we use Gaussian source function, ρ(r) = (
2β 2 ), the Fourier transform of which is given by:
To obtain the ratio N ±± /N BG(mix) the parameter λ should be introduced into it in the usual way. Notice that one more parameter, the additional normalization factor c, is also introduced by hand. Our final formula with these parameters is then given as:
It should be noted that the normalization parameter c and an effective degree of coherence, i.e., the denominator of the ratio E 2B /(1 + ∆ 1C + ∆ EC + I Cst + I st ), are related to each other.
A theoretical formula for π
+ π − pairs including the FSI: Using the following amplitudes of the strong interaction for the π + π − scattering (I =2 and 0) and changing the sign of the factor η = mα/2q, one can estimate correlations for the π + π − pairs. The strong amplitude for
Here, we have assumed that contribution of π 0 π 0 → π + π − channels is small. The phase shifts δ (0) 0 for I = 0 which are obtained in Refs. [9] - [16] are parameterized by the polynomials (cf., Fig. 1 ). 
Our formula for the π + π − pairs is given as
It should noted here that Eq.(11) gives a prediction for π + π − correlation function caused by the FSI. Using now Eqs. (8) and (11), one obtains the following theoretical formula of the BEC with unlike-particle reference [1] as Fig.2 . Because the scattering length parameter in Eq. (5) was fixed as a 0 = −1.20GeV −1 [9] and the normalization parameter c was fixed as c = 1, we can estimate the remaining two parameters as:
• λ = 1.19 ± 0.48, β = 0.87 ± 0.31 fm, ( χ 2 /NDF = 14.3/13 ).
It should be noted that the value of the λ parameter obtained by Eq. (12) is considerably different from one estimated in Ref. [1, 2] . See Table I .
In order to expose the cause this difference in a more clear way, we also analyze the data by the following two formulas:
Results of minimum-χ 2 fit to the data by means of Eqs. (13) and (14) are summarized in Table II . We find that the correction caused by the strong FSI change drastically the value of the λ parameter. The fitting results by means of Eqs. (13) and (14) are also shown in Fig.3 . Since the Coulomb correction plays important role only in small Q region (Q ≤ 0.2GeV ), strong interaction is dominant in the Q region observed by authors of Ref. [1] 4 . (cf. Fig.2 and 3 .)
Finally, we also predict the correlation functions, N ±± /N BG(mix) and N +− /N BG(mix)
in Fig.4 .
Concluding remarks:
We have analyzed the data of the BEC in e + e − → W + W − events by means of Eq. (12), i.e., including full FSI structure (both Coulombic and strong).
In this way we have found that there is normal Bose-Einstein effect in the correlation data because the degree of coherence parameter λ included in Eq. (12) comes out to be approximately unity. However, this expected enhancements is dissolved by the complicated structure of the FSI (especially important here due to the small space-time distances involved in this particular reaction). 
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